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SUMMARY 
LESSON I 


Silicon Controlled Rectifier Theon 


The Silicon Controlled Rectifier is a solid state device used in motor 
controllers, switching circuits and power supply circuitSi; Its advantages 
include the following: 

It is quiet in operation. 

Vibration and shock do not affect it. 

Most important, you can control a large amount of voltage and 
current with a small controlling voltage. 

We can see from the schematic symbol shown below that the SCR has 3 ieads. 



QATE 


Figure 1 

The anode and cathode leads are the same as the diode you have studied 
previously. The gate lead is added to control conduction of the SCR. 

Like a diode, the SCR must be forward biased to conduct - - negative on 
the cathode, positive on the anode. 



Figure 2 


Ujilike a diode, the SCR must have a positive- signal on the gate lead, 
(usually +; I to +l v) while it is forward biased dr it wili not conduct. 
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Figure 3 


in Figure 3» the conditions for conduction are met. Current flows from 
cathode to anode. If we remove the gate signal , the SCR will remain in 
conduction: however, if we remove forward bias, the SCR will cut off. 
(Stop conducting.) 



SCR Conducting . ' SCR Conducting SCR Cut Off 

' Figure 

If we reverse bias the SCR, then It will not conduct even if we apply a 
positive gate signal.’ 



SCR Cut Off 

■F1'gfu,re;'S.;';7, 


Using this Irtformition let's look at an S.CR ^ith a 'DC voltage applied. 



Tile* output wayeformi w> I f be taki^ HR 
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This SCR needs +. Iv on the gate to conduct. 



At TO there is no output although forward bias is applied. When the gate 
voltage is applied at T1 the SCR conducts and we will see the +300 VDC across 
Rj^. Even though we remove the gate voltage at T2 the SCR remains in con- 
duction as long as forward bias is applied. If we remove the forward bias 
then the SCR will stop conducting. 

Let's examine an SCR with .AC appl ied to the anode and a DC voltage applied 
to the gate. 



Tt. ■ ; ' T2 , ’.T4'; ''.. ■■■"tV 

Figure 8 


■2124 
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As you can see, the SCR will conduct only when it Is forward biased and has 
the proper gate signal. With AC applied to the input and to the gate we 
can choose a variety of waveforms by varying the gate signal. 



Figure 9 


Notice that the SCR conducts only when the proper gate signal coincides 
with the proper forward bias. By timing the gate signal we can make the 
SCR pass the entire positive portion of the waveform or only part of it. 


AT THIS POINT, YOU MAY PROCEED TO THE JOB PROGRAM. iF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THIS LESSON, SELECt AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUD I O/VISUAL MATERIALS (IF APPLICABLE) , OR 
CONSULTATION WITH YOUR LEARNING CENTER INSTRUCTOR, UNTIL YOU UNDERSTAND THE 
MATERIAL IN THIS LESSON. ^ ^ ^ 
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JOB PROGSAM 
FOR 

LESSON I 
PART 1 

Silicon Controlled Rectifier DC Control 



1. Training Device 6F16, Template "J” 


PROCEDURE 

1. Set up Device 6F16 using Template J and the parts called for by the 
template. Observe all applicable safety precautions. ' 

NOTE: Do not install . jumper "F"« Po not energize the device. 

2. When this circuit is energized, will DSl light? 

3. Now energize the 6F16 using the line cord. 

4. Why is the light out at this time? 

a. The SCR is forward biased. 

b. The SCR is reverse biased. 

c . There is no gate voltage applied . 

d. There is a positive gate voltage applied^ 


5. What will happen if jumper "F" is installed? 

a. The SCR will cut off. 

b. The SCR will conduct. 

c. The light will remain off . 


6. . Install Jumper ’*F". 


7. What did jumper "F" do to the circuit? 

Forward:'' ' b-iased^ the: SCR,. . 

Reverse biasei'''d'he''SGR.' ■■ 

Applied: -a '■•'nega.t:iye. ■ :Voitage : td':;the, : gate';: 1 ead 
Applied a positive vdltage to the gate lead. 

S;. : . If; . j^pi^,: -(rie' beaoy ' 

^'9.' Remove jumper' 
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10. Now that the SCR Is conducting, how can the circuit be restored to it's 
"off" condition? 

a. Apply a positive voltage to the gate, 

b. ReiBOve the gate volta.ge. 

c. Remove s b^T-ting straps. 

d. Apply a ground to the gate lead. 


Test your answer to #10 by momentarily performing the action you chose. 


NOTE : If you chose answer *'A** obtain the voltage from the bottom of resiistor 
R2. DO NOT apply full positive voltage to the gate lead. The SCR may be 
damaged if a high voltage is applied to the gate. 


12. If the light goes off and remains off when the circuit is restored, your 
answer to #10 Is correct. If the light is still lit, go back to #10 and try 
again. 


CHECK YOUR RESPONSES TO THIS JOB PROGRAM WITH THE ANSWEEf SHEET. IF YOUR 
RESPONSES AGREE WITH THE ANSWER SHEET, TAKE THE NEXT JOB PROGRAM. IF 
YOUR RESPONSES DO NOT AGREE OF IF YOU FEEL YOU HAVE FAILED TO UNDERSTAND 
AIX, OR MOST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF THIS JOB PRO- 
GRAM, ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/yiSUAL lIATERIALS OR^^ ^ ^ ^ ^ 
CONSULTATION WITH LEARNING CENTER INSTRUCTOR UNTIL YOUR RESPONSES DO AGREE. 
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JOB PROGRAM 
FOR 

LESSON I 
PART 2 



1. Oscilloscope 

2. IX Probe (2 required) ^ -i 

3. Oevice 6F16 witn Template "K" - Silicon Control Rectifier AC Control 

Characteristics. , 

PROCEDURE 

I. Using all applicable safety precautions, energize the oscilloscope and 
obtain a line trace,. Make the following settings: 

a. TRIGGER SOURCE to "LINE” 

TIME/DIV to 5 millisec/div 
‘i* display mode to "CHOP" 

d. VOLTS/DIV to 10 volts/div (Channel ”1") and 5 volts/div (Channel '2") 

e. SWEEP POSITION Channel "1" to +1 div; Channei "2” to -1 div. 

II. Using all applicable safety precautions, set up Device 6F16 usli^ Template 
#K and the parts called for on the tanplate. Energize the 6F16 using the line 
cord. 

III. l. Using the XI probes, connect channel "I" Of the oscilloscope to the 
AG input to the circuit. (Left side of DSl) • Connect channel ”2” to 
the top of R4. 

2. Turn Potentiometer R2 fully clockwise (as viewed from the knob side). 
NOTE: This gates the SCR on at the same time as the anode goes positive. 

3. Channel "2" is displaying (full wave; half wave; no) rectification. 

4. The SCR is operating like a (transistor; roslstor; diode .) 

5. Perform the following steps: 

a. Remove the channel "1" probe from the Input and reconnect it to 
'."the: anode .of;' CRl. . 

b. Turn R2 fully counter-clockwise. 

c. Set DISPLAY MODE tO '*2''. 

d. Set ”2” VOLTS/DIV to 2 volts/div. 

; e. Elowly turn R2 clockwise until positive pulses just appear on the 
V ■.-."'trace..;- 
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f • Set POS until the leading edge of the middle 

pulse coincides with the vertical center line of the graticule. 

The leading edge of the pulse is the "turn on" time of the SCR, 

g. Set DISPLAY MODE to "1". 

h. Set "1" VOLTS/DIV to 2 volts/div. 


i. Using channel "1" POSITION Set the positive peaks of the sine 
wave at the horizontal center line of the graticule. The hori- 
zontal center line of the graticle now represents the "turn on" 
voltage for the SCR. Hiis is a representation of the voltage 
applied to the gate lead of the SCR. 

j. Set the DISPLAY MODE to "CHOP." The sweeps will 

be superimposed, so remember which waveform is the input and 
tdiich is the output. 


6. What happens to the S:CR when the voltage to the gate reaches the 
horizontal centerline of the gtatlcule? The SCR (cuts off /conducts) . 

7. Turn R2 clockwise until the peak voltage displayed on channel "1" 
reaches +.2 cm. (One small division above horizontal centerline.) 

8 . The gate voltage now reaches "turn on" voltage (earlier/later/ 
at the same time) in the applied sine wave. 

9. The SCR is now conducting (more/less/the same) . 

10. Turn R2 clockwise iihtil the peak voltage to the gate ±s at +.6 cm 

(three small divisions above -the centerline) . What happened to the 
conduction time of the SCR? The conduction time (iocreased/decreased/ 
remained the same). 


11 . Which of the statements below best deacribes the action of the >SGR 
' 'in. this: circuit*?. 


a. ^ SCR Conduction: ’begins- ;at .'’the .^'i-ime- ’■tl^'''gatey* si|ttaX',^^^ 

''Turn : .bn."> voltage -levei^. ■' 

:'b.‘., . : . ' , 0CR:'. conduct ion ' ■ ■Incr'eas.es - : . tbe '.^-gate "-vdita':^-: "ihcreaaes ; 

CHECk YOUR RESPONSES TO THIS JOB PROGJUai WITH T^ AJSSWER- SHEET, IF YOUR 
RESPONSES AGREE WITH THE ANSWER; SHEET, YOU MAY TA^ THE. LESSON PROGRESS ^ - 
CHECK. IF YOUR RESPONSES DO NOT AGREE OR IF YOU Egfe? W, FAIL^ 

TO UNDERSTAND ALL, OR NfoST Of THIS JOB PROGR^, ' 

OF this: JOB PROGRAM, AMOTHliit V^ITTiai .»IlM 

MATK^JALS OR CONSULTATION feH LEARNING CateER iksTOUCTM, LOT YQOR 
RESfONSi^;UO’.AOREE. ^ 
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PROGRESS CHECK 
LESSON I 

Silicon Control Rectifier Theory 


1. SCR* s are not affected by 

a. heat. 

b. vibration. 

c. cold. 

d. current. 

2. The SCR is similar tea " . ■ '■ ■ '■ " , . ■ ' 

3. The three leads of an SCR are they the ^ 

and the 

4. The bias conditions necessary to start an SCR into conduction are 

a. positive, on the anode, negative on the. cathode. 

b. negative on the anode, positive on the cathode^ 

c. positive on the anode, negative on the cathode,, and positive on 

■■'the. gate. ' . 

d. negative on the anode, positive on the cahode, and negative on 

■the gate.. ■^ ■/■■.'■■. 

5. The bias Conditions necessary to maintain an SCR In conduction are 

a. positive on the anode, negative on the cathode. 

b. hegative on the anode, positive on the cathode; 

c. negative on the anode, positive on the cathode, and positive on 

,.^ ■■':. 'the'.:gate. ■ ■■■.'^■^ ■'■^■■.' ■>'^ 

d. positive on the anode, positive, on the cathode, and positive on 

.';■■;' \the^gate.-', 

6. The direction of current flow through a conduct! ng SCR is ^ ^ 

a. cathode to anode. 

■■';-.v'^':^ b;^'"'ehOd'e ^ to .'iCathode^ ■■/';'"'■>■ 

: ■^■'■v^ ■'.p'.,;''-‘;gate:::to.'-'.'anode.^; 

.■'■■:■■ :;'\dy',:vcathode:' tO-''Gat«'*''V''':.'''^ 

■;7.y.ftGhe";wd?|^:,;'to-.:stdp^rcondvct'ion;p 

'. ■:/' ;;Javi'?'v'r,^i*^ ■'the;;gatd ;e'i.ddd^t ■'■.'. 

' b.'' ./reve,r,se-,bia 5 .' thd, -\- 

;■■ ■'■ '■V ' c..'-, ■increase'. i as* ;■. ■,' 

, d.y. ground the iMthode.,_ 
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8t The output p£ an SCR with an “AC'* input on the anode and a "DC" gate 
signal will look like 



9 . The shape of the output waveform of an SCR with an AC Input and an AC 
gate signal depends upon 

a. gate timing/gate signal ampi itude 

b. input amplitude/gate timing 

c. gate signal am'pl I tude/the type of SCR 

d. the type of SCR/Input amplitude 

10. The "turn on" voltage required on the gate I ebd of 'tiiost SCR's ' 

' ranges^between.' 

;a,//ti^- to''+i 0 'volts.\. 

' 'b... +5 ;tO' +50;volts. . 

c. to +3 volts. 

'■ "Vd. 1' 'to ★I-': voltsV 

I t. Power output control of an SCR with an AC Input signal is accompl ished 

'.•by. ■ ■' 

a* appiylng and removing forward bias to the anode and cathode. 

1 b. appJyih '9 removing revarse bias to the anode and cathode, ^ 

c. increasing and decreasing the AC amp) Itude appl ieC to the gate 
■ below ^the ''trigger ing^’fevei. .■ 

d. / increasing and decreasing tbe AC ampi ttade appl led to the^^^ 

CHECK YOUR RESPONSES TO THIS PROGRESS CHECK WITH THE ANSWER SHEET. iF YOU 

Answer ALL SEUF-TEST ITEMS CORRECtLY, PROCtEO TO THE NEXT LESSON, if YOU 

EEEL YOU HAVE FAi LED TO UNDERSTAN® ALL*^^^^ Of tHi' LESSON, SELECT; AND 

USE ANOtHER WRi TTEN MEDIUM OF I NSTRUCTiON^J ’ AuD 1 0/V I SUAL MATER I ALS (IF AP- 
PLiCAiLE)^ OR CONSULTATION WITH YOUR LEARNING CENTER iNSTRUCTOR^; UNTiL YQU 
CAN ANSWER ALL .SELF»Ti|St ITEMS 'On IME PIOGRESS CHECK CORRECTLY; 
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SUMMARY 
LESSON II 

Unijunction Transistor Theory 


The Unijunction Transistor is a. solid state device used in switching and 
timing circuits. Its physical appearance is identical to a common tran- 
sistor. 



UJT TRANSISTOR 


A second base lead instead of a collector is the major difference between 
a UJT and a transistor. The schematic symbol for a UJT looks like this: 



The lead with the arrow is the «nitter; Base I (Bl) is the lead to which 
the emitter arrow points; the Base 2 (B2) is the other lead. Base 2 can 
be compared to the col lector of a common transistor in that Base 2 Is 
usually where Vcc is applied. 

Proper operation of a UJT depends upon piroper bias. The UJT must have 
a positive voltage level on Base 2 and a less positive yoltage leyel on 

'■."Base 'I',' 
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This-type of voltage arrangement prepares the UJT for conduction. When 
a positive voltage level large enough to forward bias the E-Bl junction 
appears, on the emitter the UJT conducts. Current flow is from B1 to 
the emitter -- against the arrow. 


CURRENT FLOW 


If there is no voltage on the emitter or if the voltage level is too low 
then the E-Bl junction is reverse biased and no current flows through the 
E-Bl junction. However; a small reverse current flows from the emitter 
to B2 due to imperfections in the material. 



A UJT sawtooth generator produces a sawtooth waveform output due to the 
charge and discharge of Cl and the switching action of the UJT. 




In the UJT multivibrator the combined switching action of CRl and the 
UJT controls the charge and discharge of Cl and develops a square wave 
output at B2 of Q1 . 




Sussnary 
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A trigger circuit may "be constructed by removing CRl and R1 from the multi- 
vibrator circuit and placing a resistor between B1 and ground. The output 
is taken from B1 of the UJT. The schematic diagram of a typical UJT trigger 
circuit is: 


I /AX 

Cj WAVEFORM 


+Vee 



AT THIS POINT, YOU MAY PROCEED TO THE JOB PROGRAM. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THIS LESSON, SELECT AND USE ANOTHER 
WRITTEN MEDIUM OF INSTRUCTION, AUDI O/V I SUAL MATERIALS (IF APPLICABLE) , OR 
CONSULTATION WITH YOUR LEARNING CENTER INSTRUCTOR, UNTIL YOU UNDERSTAND THE 
MATERIAL IN THIS LESSON. . 
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JOB PROGRAM 
FOR 

LESSON II 
PART I 


Unijunction TraneiLstor. Sawtooth/Trigger Generator 



1. Device 6F16 and Tempiate L 

2. Oscilloscope 

3. IX Probe (2) 


PROCEDURES 

1. Energize oscilloscope, and obtain a dual line trace. Make the following 
settings; 


a. DISPLAY MOD? - CHOP 

b. TIME/DIV - 1 MILLISEC/DIV 

c. VO^«’^DIV - Channel 1 - .5 VOLTS/DIV 

Channel 2 - 2 VOLTS /DIV 

d. Set Channel 1 line trace +1 division above horizontal axis. 

e. Set Channel 2 line trace -1 division below horizontal axis, 

2. Using all applicable safety precautions, set up 6F16, using Template L aiul 
the required parts. Energize the 6F16 Using AC line cord; 

3, Connect a IX probe from Channel 1 input on the oscilloscope to the emitta: 
of Q1 (”D'') « Observe and draw the waveform on Channel 1. 



bi^ ■ |toif';iB^chv;p^k-to-peak’voltage do.vyou.:read?-‘^: 

;ci-'>-il!4’S^tei''qii':the:;"W5iyefQf^’;Y«Pu;-djt^;';'th»’-::j^lttt: 
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5. Connect a IX probe from Channel 2 input on the oscilloscope to Base 1 

of ftl rc"l. Observe and draw the waveforms. Change TIME/DIV to 2 MILLISEC/DIV. 
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6. a. Channel 2 is displaying a (sine, square, trigger, or sawtooth waveform). 


b. How much peak to peak voltage do you read? y p-p. 

c. The UJT is at its highest conduction when the waveform at Base 1 is 

(not present, most positive, or least positive) . . . 


7. a. Prop this Job Program you can see that you get two very different 
types of waveforms at different points on the UJT. By connecting the 
oscilloscope input to the emitter, you see a (sine,, square, trigger, or 
sawtooth) waveform output. . ■ 

b. By connecting the oscilloscope to Base 1, a (sine, square, trigger, or 
sawtooth) waveform is seen. , . . ' 


CHECK. YOUR RESPONSES TO THIS JOB PROGBAM WITH THE ANSWER SHEET. IP YOUR 
RESPONSES AGREE WITH THE ANSWER SHEET, YOU SHOULD PROCEED TO THE NEXT JOB 
PK)GRAM. IP YOUR RESPONSES DO NOT AGREE, OR IP YOU PEEL YOU HAVE PAILED TO 
UNDE^TAND ALL, OR MOST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF THIS 
JOB; Program,. ANOTHER written MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS 
OR CONSULTATION WITH YOUR LEARNING CENTER INSTRUCTOR UNTIL YOUR RESPONSES DO 
.AGREE. 
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JOB PROGSAM 
FOR 

LESSON II 
PART II 

Unijunction Transistor Multivibrator 
EQUIPMENT AND MATEHTAT-*; 

1. Device 6F16 and Template M 

2. Oscilloscope 

3. IX Ptobe (2) 


PROCEDURES 

1 . Energize the oscilloscope and obtain a dual line trace. Make the 
following settings: 

a. 'display MODE CHOP 

b. TIME/DIV - 5 MILLISEC/DIV 

c. VOLTS/DIV - AS REQUIRED 

d. Set Channel 1 line trace +1 division above horizontal axis. 

Set Channel 2 line trace -1 division below horizontal axis.: 

2. Using all applicable safety precautions, set up training device 6F16 using 
Template M and the required parts. Energize the 6F16 using the AC line cord, 

3. Connect a IX probe from the osclUoscbpe channel 1 input to Base 2 (’’F”) 

.of Ql..^ ;■ „ ■ 

a. Observe ai^d draw the wav^orm appiearlng on Channel 1 of the 
■ oscllloacope,.. ' 






1 
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b, Channel 1 is displaying a (sina, square, tfigg«, or Mwtbeth) waveform. 


,v 

;e:. 
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4. (continued) 

a. Observe and draw the waveform shown on Channel 2. 



b. The waveform displayed on Channel 2 of the oscilloscope is a (sine^ 

square, trigger, or sawtooth) waveform. « 

c. How much peak-to-peah voltage do you read? , V p-j 

d. ' Qi 'begins... tO; 'conduct -at, - v' ' ■ ' " - . ' - " • • - volti 


5 . Coxmect the Channel 2 IX probe to the anode of CRl . 
a. Observe and draw the waveform on Chexmel 2. 





of conduct!^ tiJMis 

■..f;' ■;a.» {^1'. 'flqt''';.';.eonductl^»g'.,'^ .CRl ■.ubt.^'eqnjfecting.-.v-.. 

ycX..;.:': b^;;;;-iJl-^<jqnduciM^ nqti^conduqtl^,. 

7. Notice that i^once egain the tjjT provides two very different of outputs^ 
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8. In the circuit on Tenqplate M» base 2 provides a 

a. square 

b. sine. 

c. trigger 

d. sawtooth 

9. In the circuit on Ten^late M, the emitter provides a 

a. square 

b. sine 

c. trigger 

d. sawtooth 


waveform. 


waveform. 


CHECK YOUR RESPONSES TO THIS JOB PROGRAM WITH THE Sot^JOB 

RESPONSES AGREE WITH THE ANSWER SHEET, YOU SHOOED 

PROGRAM, IF YOUR RESPONSES DO NOT AGREE , OR IF YOU Jf 

TO UNDERSTAND ALL, OR MOST OF THIS JOB 

THIS JOB PROGRAM, ANOTHER WRIT^ MEDIUM OF INSTRUCTI ON , A U DI Q/yi _ 

MATERIALS OR CONSULTATION WITH YOUR LEARNING CENTER INSTRUCTOR UNTIL YOUR 
RESPONSES DO AGREE. 
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INFOBMATION SHEEt 25-1-1 

reference t 

A. Module 25 "Special Dewices” Study Booklet (1 April 1977) 

B. Student Handout #212, Page 212-31, Figure #1 (August 1981) 

C. Instruction Memual, Function Generator NIDA Trainer Mbdel 204 
UNIJUNCTION OSCILLATOR (PC204-6) 

The purpose of the unijunction, oscillator printed circuit card is to form a 
ramp f ^*1 output signal. Ramp generation is' a result of interaction 
between the unijunction transistor (UJT) Q2-6, Cl-6,.and the constant cur-- 
rent source Ql-6. Cl-6 is parall^ed by C9 through G12 (located on the 
chassis) depaiding on FREQUENCY switch S2 position. When Cl-6 is used in* 
the tsoct, understand that one of the FREQUENCY capacitors is in parallel 
with it. 

Slow charging of the capacitor produces the leading edge of the ramp signal, 
while fast discharge action of the UJT produces the tra i l in g edge of the 
ramp wtput signal. See Figure #1. 

Charging Action Dischargli^ Action, 

Leading Edge 
(UJT OFF) 


The charge path of Cl-d is from ground up through .Che capacitor, through 
Ql-6 and it*^s associated circuitry (Current Source), to Vcc. Since the 
front pan^ FREQUENCY CONTEffl. (R21A) Is connected In series with the 
Ql-6 emitter, yarylng the HlEQUENGI CONTROL will vary the current through 
the Constant Current Source. This will directly vary the charge time of 
Cl-6, ief TOre cuirr^t causes the capacitor to charge faster, less current 
c^ the capacitor td' C^'^Be slower w Thie controls the frequeh of the 
■; V .ramp' "output -'signal.v ^ 

The reason for usiJ^ e Current Souroe is to ensure that the capacitor 
;''''V:t((N.^ 6)'' '.is :;in(^ided;.' a. -constant ^curr'ent'.so'-'yhat.’'',it..'vill.:;C'harge^;at;:a-''llnear^:'.^':' 
^pius^^f^odiwil^-n linean:‘,taa^:;<Wlt^ty\.'':'S^ 

; Llp^e*^ ;.c'harglng-Tate' . : ' a,;- 'N o'n'^llaSat. .■'chatglag- rate,:- 
/wlll.'produce,! a''; linear. '^''^-'-wiyt;' -produce, :a;^ 




bailing Edge (UJT ON) 


Figure #1 



iKJDULE 25 INFORMATION SHEET 25-1 (CONTINUED) 

We will briefly review the operation of a UJT, All transistors need a certain 
bias level to operate. The UJT is no different. Base 2 of UJT is normally 
connected to some positive value. Base 1 is at some value of voltage less 
positive than that on Base 2. At different points between the base leads we 
would read different voltage levels* This sequential rise in voltage is cal- 
led a VOLTAGE GRADIENT, and is linear between Base 1 and Base 2. 

During manufacture the emitter is connected at some point between B1 and B2 
so that it feels a certain percentage of the B1-B2 voltage, such as 70%, or 
0,7. The actual emitter to Base 1 voltage at which the UJT conducts is there- 
fore dependent on B1-B2 voltage. The E-Bl voltage required to saturate the 
E-Bl junction is the gradient voltage. 

If we appljr a voltage level to the fitter that is greater than the Voltage 
Gradient potential,* the UJT will conduct heavily through the Base 1-emitter 
junction (saturate). 

Once the UJT starts conducting, the voltage on the emitter will decrease to 
a low value which, at , a point determined by the type of UJT and lt*s physical 
construction, will cause the UJT to stop conduction (cut-off) and act like 
an open circuit and no durrent will flow through the Base 1-emltter junction* 

While observing the schematic in your Student Handout (ref erence B) , follbw 
the operation of the unijunction oscillator (Ramp Generator) . 

When power is applied to the unijunction oscillator, Cl-6 will begin to charge 
through Ql-6. The capacitor will charge slowly, thus creating the leading edge 
of the ramp. Notice that the capacitor is connected directly to the emitter 
of the.UJT (Q2-6) . When the charge on the capacitor reaches the voltage level 
necesaary to forward bias the UJT and cause 1® to conduct (greater thM the 
potential of the Voltage Gradient where it is connected) the Base 1-emltter 
junction will conduct heavily and allow 0.-6 to discharge through R3-6. 

Because of the very small yelue of R3-d (47 ohms) , thei capacitor will dis- 
charge very rapidly, thus creating the traHlag edge of the ramp. When the 
capacitor discharges, the UJT will stop conducting (cut-off), due t® the 
decrease in the emitter voltage and the capacitor will once again begto to 
charge through Ql-6, thus beginning another ramp. This repeated charge and 
discharge action of the capacitor is what Causes the unijunction oscll^Wr ^ 
to give us an output of the continuous ramps in the INTERNAL nwjde of operatton* 

■:the'' ■purpose ''of ‘'-the' -field' -EffeC't' Translator ’;-:(Q3H5)'’.iS;-to'';cottpl'e;vthe';vremp:: ■■out'*.. ■,::,»■ 
put sigrial prodttCed^y cj^, through FC204 Output clrcuita to t^^^ 

■'aaiplif'ler, of the':'-"Punction ’ Generator'*'/ :'B'ecause;'Of: cha..'';l®t'*;a:'-extremely..:hig 

^':'input: ''Impedance^'' =lt':''Wili- not:' load''', the;'ttnijunction;o:scillator'''d,own,-.;d'is®uptlng''-::,,;'; 

'-"the' llnear''Charglng;'::actlon'':Qf. the /capacitor^-'; ,ltt:;'thls;'W^-;'lt::ia'used/1^':.1!«o*^ ■'■ 
■■'■vld'e' ,''iso-'lattoh'.--betwee«'’-';the'',uhlj--unct'loh: o.8C'illa'tot ;;and'. 'the-tamp:'- .'output ampli- -. 



:'^e''^fpbse%^^ tShttrolnlrdhlt'"’^ at what.-:lnt^v^-,^.;;?gtll/_^ 

permit the unijunction oscillator to produce A ramp output slgnali ^d»n ^slr« * 
the rvTRRNAT. trigger mode of operation.' As you should raaember ffiaa t^ .aji .aerid 
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explanation, in the INTERNAL mode of operation, Cl-6 will begin to charge and 
form another ramp iomedlately after it has dlsteharged (completing the previous 
ramp) giving you an output of continuous ramps. . 

When we are In the EXTERNAL TRIGGER position, Cl-6 will be held in a discharged 
state after completing a ramp, thus preventing an output of continuous ramps. 

The period of time between ramps will be determined by the extcornal trigger 
input signal. See the example given in Figure 03 below. 

: From Time A to Time B, 
Cl-6 Is being held in 
a discharged state due 
to the action of the 

SCR Control circuit. 

» 

Figure 03 

We will briefly review the operation ‘of a ^llicone tontrolled Rectifier. The 
SCR is very similar to the diode rectifier. A diod'e, as you recall has an 
ANODE and CATHODE. The SCR has an ANODE and CATHODE with the addition of a 
third element called a GATE. The gate lead Is attached to the cathode of the 
SCR. 

Another similarity that exists between the diode and the SCR is that both must 
be forward biased in order to conduct. Alsp current flows against the arrow. 

Unlike the diode the SCR will not conduct with just forward bias across it. The 
SCR must have a positive signal applied to the gate at the time it is forward 
biased to conduct. Even with forward bias across it, with no positive signal 
on the gate lead it is essentially an open circuit and will not pass current. 

The gate works like a "turn on" switch during the time the SCR is forward biased 
Once the SCR is conducting (turned on), the gate no longer has any control. In 
other words the gate can not turn the SCR off . 

The only way to stop the SCR from conducting once it has been "turned on", is 
to reduce the current flow through the SCR below the minimum HOLDING current 
required to sustain conduction. This is normally accomplished by one of the 
following methods: 

A. REMOVE THE FORWARD BIAS FROM THE SCR. 

B* REVERSE BIAS THE SCR. 

C. OFEN THE CURRENT PATH OF THE SCR. 

**D. STARVE THE SCR OF CURRENT UNTIL IT’S CURRENT LEVEL FALLS 

Therefore, to "turn on" an SCR you must hava it forward biased and a positive 
signal applied to it ^s gate at the same time. To "turn off" an SCR you must 
use one of the methods described above. 


NOTE 
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In the SCR Control circuit used in the NIDA 204 Function Generator we will use 
method "D" for SCRl-5 and method "A" for SCR2-5. 

**The Instruction Manual, Function Generator NIDA Trainer Model 204, Page 2-9 
gives a detailed description of method "D" as it applies to PC204-5. 

EXTERNAL TRIGGER MODE OPERATION 

Since not only does the SCR Control Circuit control ; the Unijunction Oscillator, 
but the Unijunction Oscillator controls the SCR Control Circuit, it is im- 
possible to explain the operation of the SCR Control Circuit alone. So we will 
discuss how the SCR and UJT cards work together to produce the ramp output 
signal when in the EXTERNAL TRIGGER mode of operation. i 

Looking at the schematic in the Student Handout (reference B), you can see that 
with the Trigger Switch (S5) in the EXTERIJAL position. Pin #7 of the SCR card 
is now connected through the switch to Pin #12 of the UJT card. This section 
places the Unijunction Oscillator under the control of the SCR Control circuit. 

In the EXTERNAL TRIGGER mode, a sine wave input signal is applied to the input 
jack (J17) from an external source (signal generator) . This sine wave is sent 
through a SQUARING AMPLIFIER, converted to a pulse wave, apd then fed to Pin 
#5 of the SCR card. The frequency of this input signal will ultimately deter- 
mine the output ftequency of the external ramps. 

When power is applied to the Function Generator, Cl -6 will begin to charge 
through Ql-6. When the charge on the capacitor reaches a sufficient voltage 
level, Q2-6 will conduct heavily Base 1 -emitter and C 1-6 will discharge through 
R3-6, thus creating a ramp output signal from the unijunction oscillator. 

The discharge current through R3-6 will produce a positive pulse (spike) on 
Pin #3 of the UJT card. This pulse is felt at Pin #10 of the SCR card and 
coupled through CR3-5 and R9-5 to the gate of SCR2 -5. This positive pulse 
will gate SCR2-5 into conduction. 

The ptimary current path for SCR2-5 is from ground, through SCR2-5 cathode 
to anode, through R8 -5 and R7 -5 to the power source (Vcc) . Due to the size 
of resistor R7-5 (4700 ohms) most Of the applied voltage will be dropped 

across it leaving a low yoltage On the catho forward biasing the ; 

diode. The low voltage on the cathpde is then' fel^^^^^^^ on Pin #7 of the SCR card, 
through the Trigger Switch (85) , card. This low 

voltage is then felt at the top of Cl-6 and will prevent it from charging to 
full potential, thus not allowing the UJT (Q2-6) to I turn on arid no ramp output 
■' signal, will ■he:'.,gerierated'i 

At the same time the above action was taking pl^^^^ a secondary 

current path through C2-5.and r 6-5 to Vcc. This wrrent will cause C2-5 

:,' to^ charge;.^;;' ■ y v 

The SCR/UJT circuits will remain in this state initil a negative pulse is 
applied to. Pin #5 of- the card. 
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Whea the negative pulse is applied to Pin #5 it is inverted by Ql-5 and the 
resulting positive pulse is applied to the gate of SCR 1-5. When the pulse 
has ,a high enough voltage and is applied to the gate of SCR l-5.y SCR 1-5 will 
conduct and the voltage potential^ at the anode of SCR 1-5 w^l decrease by a 
liurge aaount. Capacitor C2-5 will -couple the decrease in potential to the 
anode of SCR 2-5* Since the potential on the anode of SCR 2-5 was low already 
(SCR 2-5 conducting), the decrease in potential will cause the total potential 
on the anode of SCR 2-5 to go below 0 volts, thus causing SCR 2-5 to cutoff. 
When ECR 2-5 cuts off its cathode-anode resistance and .the resistance at 
cathode of CR 2-5 will be very high again. Since R6-5 is high resistance, 
due to circuit design, the current through SCR 1-5 cathode-anode will be low, 
but enough to keep SCR 1-5 froa cutoff. 

Renember, a characteristic of an SCR is that a certain amount of current flow 
through the cathode-anode is required to maintain conduction. With SCR 1-5 
now conducting and SCR 2-5 cutoff, C 2-5 is able to discharge through the 
low resistance of forward biased CR 1-5 (cathode to anode) and the conducting 
SCR 1-5 (cathode to .anode). The added current from C 2-5 discharging through 
SCR 1-5 will keep SCR 1-5 in conduction until C 2-5 has discharged. Then 
SCR 1-5 will cutoff. 

Now let us look at the operation of the UJT again. When SCR 2-5 was cutoff, 
there was no current flow throogh.B8-5 and R7-5 thus no voltage drop across 
R7-5 and R8-5, placing Vcc (a high voltage) on the cathode of CR2-5 and the 
anode of SCR2-5. With. Vcc on it's cathode CR2-5 is reverse biased. With 
CR2-5 reverse biased we remove the low potential from Pin #7 of the SCR card; 
Pin #12 card, of UJT card and from the top of Cl-6. This will allow Cl-6 to 
begin charging to it's normal value and the unijunction oscillator will now* 
be allowed to produce another ramp output signal. As soon as the UJT's 
emitter reaches a Sufficient level of voltage, the UJT will conduct allowing 
Cl— 6 to discharge, thus se n d in g another pulse to the gate of SCR2— 5 causing 
it to conduct again, starting the process over. 

It is important for you to understand the operation of the circuits described 
^MOR to attempting to troubleshoot these circuits in the Performance 
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JOB PROGRAM 
FOR 

LESSON II 
PART 3 

OJT Ramp Generator and SCR Control Circuit 

EQUIPMENT MATERIALS 

1. ' NIDA 204 Function Generator 

2. Oscilloscope 

3* Signal. Genera tor 

4. BNC-BNC Cables (2) 

5. IX Probe (2) 

6^ Jumper Wire with Alligator Clip Ends (1) 

7. Prefaulted cards PC 204-5 and PC 204-6 (Obtain in Step 26) 

PROCEDURE 

IMPORTANT: The NIDA 204 INSTRUCTION MANUAL is a"iaust" in learning to trouble- 
shoot the NIDA 204 Rintt ion Generator. If you haven't already done so, get the 
Instruction Manual and read it! Instruction or "Tech” Manuals are an invaluable 
asset to the tec.hniclan. Study thoroughly the following pages in the NIDA 204 
Instruction Manual. (You might be surprised at how much easier your Job Programs 
and PT*s are).,. 

Pages 2-20 through 2-23 
pages 2-27 through 2-29 

pages '2-30 through 2-32 (Table 2-1; Circuit Interface) 

pages 3-2 through 3-5 (Table 3-1; Faulty Circuit Location Guide) 

pages 3-6 through 3-12 (Troubleshooting Guide) 

1. Energize the oscilloscope and set it up for CHANNEL l and INTEl^AL MODE 
operation. Using a BNC-BNC cable connect the NIDA 204 Function Generator 
OUTPUT jack to CHANNEL 1 of the oscilloscope. Energize the signal generator 
to warm 'Up for. later' use.' 

2. Set up the NIDA 204 Function Generator front panel Controls as follows: 

'■'’"..'''a.''''' TRIGGER' to .'jENTERNAL 

b. FREQUENCY SWITCH to ,1000 Hz 
ci FREQUENCY DIAL to 3 

d. OUTPUT LEVEL fully CLOCKWISE / 

■>-,"e. ■'.SYMMETRy''.fdliy' 'CLOCKWISE''.,: 

^'v'^'-f .."rFUNCTI0NvSWITra''t:b';: V' .:''/(Banip>,-:.;v,:;/ 

3. ReBKJve the top cover of the NIDA 204 and ensure all eight PC cards are in, 

.place'i,,,,-, .■ " ' ''''' ' ' ' '' ' 

4. Plug in and energize the Function Generator. 

5. Observe the output waveform from the E)inction Generator. The out^t should , 

V be a ramp (sawtooth) voltage with a smooth (straight line) rise. The basid UJT 

oscillator in your study booklet had an "integrated’* (cuyved -lihae) output . ,T:he 
UJT oscillator in the NIDA 2 04 has some additional circuits that aBske; the outfit 
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Refer to Figure 1 in this job program and locate PC 20^»-6. This is a 
schematic of the UJT Oscillator - Ramp Generator. 

NOTE: Transistor (11-6 and Its associated circuitry (R2-6, CRl-6, CR2-6, 

CR3“6, and Rl-6) comprise a "Current Regulator". This current 
regulator wi 1 1 maintain current through the UJT emitter capaci- 
tors at a constant value resulting in a linear "Ramp" output. 

6. Transistor (13-6 is- another device you are probably not familiar with. 

It is called a "Field Effect Transistor", or, to shorten the name a bit, 

^ This FET and its associated components (R6-6 and R7-6) make up an 
amplifier circuit. An FET is used as an amplifier because It has a high 
Input impedance and will not load the UJT circuit. -If a regular trans- 
istor were used in place of the FET, the output would be distorted. 

7» Refer to Figure 1 and answer the following questions: 

(1) The FREQUENCY SWITCH (S2) will change the (capac I tance/ resistance) 

of the UJT oscillator. 

(2) With the FREQUENCY SWITCH (S2) in the "1000 Hz" position, capacl- 
tor ( C9/C10/C1 l/Ci 2) is in ( series/paral lei ) with Cl -6. 

8. The FREQUENCY' d i a 1 (R21A) sets the conduction level of the current 
regulator. If the regulated current increases, the capacitors in the 
emitter circuit of the UJT will charge more quickly and increase the 
output frequency. 

(I) The FREQUENCY potentiometer (R21A) is in (series/parallel) with 
R2“6« 

Now that we have checked the operation of the UJT circuit, let's take a look 
control circuit operation. (Refer to Figure 1 and locate 
PC 204-5 SCR control Circuit). 

9. Deenergize and unplug (the N I DA 204 Function Generator. 

10. Remove the Un I junction Osci I l^tor printed circuit card .PC204-6. 

11. Connect a IX probe to the oscilloscope's channel "2" input and set up 

the oscilloscope for channel- "2" i INTERNAL TRIGGER mode. ' 

12. Plug in and energize the NIDA 204 Function Generator. 
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13* Using the oscilloscope, measure and record the DC voltages at the 
anode and cathode of SCR2-5. 

(1) Anode: VDC 

(2) Cathode'! VDC 

(3) Is SCR 2-5 conducting? ( YES/NO) 

HINT: Whenever the difference in potential between the anode and cathode 
of an SCR exceeds 0.6 volts, the SCR is not conducting. 

(4) Is SCR 2-5 forward biased? 

(5) What else is required to turn on SCR 2-5? 

a. Reverse bias SCR 2-5. 

b. Forward bias SCR 2-5. 

c. Apply a positive signal to SCR 2-5's gate lead; 

d. Apply a negative signal to SCR 2-5's gate lead. 

]k,. Now we are going to turn SCR 2-5 on by applying a positive signal 
to the gate lead: de-energize NIDA 204 and connect one lead of a jumper 
to PC 204-7, pin 3, and leave the other end free. Energize and momentarily 
touch the free end to PC 204-5, pin 10. 

(1) Is SCR 2-5 conducting? ( YES/NO) 

15. Place the IX probe at the SCR 1-5 gate lead. Carefully observe the 
oscilloscope trace for a "pulse" while rapidly pressing and releasing the 
trigger switch (S5). 

NOTE: The TRIGGER switch will be in the "MAN" (manual) position when 

depressed and is spring, loaded to return to the "EXT" (external) 
position when released. Us^ the .5v/div position on the oscilloscope 
channel "2". 

(1) The signal applied to the gate lead of SCRl-5 when the TRIGGER 
switch is depressed is a 

a, positive going trigger. 

b. negative-going trigger. 

NOTE: A, section of the TRIGGER switch, not shown on Figure 1, applies a 

negative signal to the base of traps is tor Ql . The signal is 
differentiated, inverted and applied to the gate lead of SCR 1 -5* 
(Refer to Figure T.) Use the .5 v/div posi t ion on the Oscil loscope 
channel "2". Shift to AC input mode. 

,16. Move the iX probe to the anode of SCR 1-5. Carefully observe the 
oscil loscope trace while depress ing and releasing the TRIGGER switch 
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(1) When the TRIGGER switch (S5) is placed in the "MAN" (manual) 
position SCR 1-5 

a. "turns off" momentarily then "turns on" again. 

b. "turns on" momentarily then "turns off" 

NOTE; When SCR T-5 conducts, capacitor C2-5 will diacharge through 
CRl-5 and SCR1-.5. Resistor R6-5 in the anode circuit bf 
SCRl-5 is a high value resistor. There Is insufficient cur- 
rent thorugh R6-5 (holding current) to maintain SCRl-5 in 
conduction. SCRl-5 will "shut off" when capacitor C2-5 «s 
discharged. The discharge path for C2-5 is through th*’ 
forward biased CRl-5 and SCRl-5.' 

17. Move the IX probe to the anode of SCR 2-5. 

(1) Is SCR 2-5 conducting? ( YES/MO ) 

18. Turn on SCR 2-5. (Momentarily connect a jumper between PC 204-7, 
pin 3, and PC 204-5, pin 10.) 

19. While observing the oscilloscope trace, place the TRIGGER switch 
(S5) to "MAN". This action causes SCRl-5 to conduct, discharges C2-5 
and drives the anode of SCR2-5 negative; thereby shutting SCR2-5 "Off". 

We will now see how the SCR Control Circuit and the UJT Osci 1 lator-Ramp 
Generator work together. 

20. Deenergize the NIDA 204 Function Generator and insert the UJT 
Oscillator-Ramp Generator printed circuit card, PC204-6. 

21. Ensure the NIDA 204 Function Generator is set up as follows: 

a. FREQUENCY switch (S2) to "1000 Hz". 

b. FREQUENCY dial (R21A) to "3". (vary 1.5 - 3) 

c. TRIGGER switch (S5) to "I NT". 

d. INPUT SENSITIVITY control Ful ly clockwise. 

e. TRIGGER LEVEL fully counter clockwise. 

f. OUTPUT LEVEL fully clockwise. 

g. FUNCTION switch to " 

22. Using a BNC-BMC cable, connect; the Audio Output jack from the Signal 
Generator to the input of the NIDA 204. Set up the Signal Generator 

as.' follows:'-, 

,(1> AM/URM-25 '-''V'','' 

af METER READS switch to 

b. AUDIO OUTPUT to read; 5 on the mrcrovol t scaje. 

;(2 r'WAVETEiC'i se- A C ^ 

wave, 4v pk-pk, no offset 

: Wavetek 186. 
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23. Energize the NIDA 204. Set up the oscilloscope for channel *'l!', connect 
a lx probe to pin 9 of PG-204-6 and observe the waveform on the oscilloscope, 
then replace the TRIGGER switch (S5) on the NIOA 204 to "EXT". 

(1) The number of ramps displayed on the oscl 1 loscope (increased/ 
decreased/ rema i ned the same) . 

NOTE: The number of ramps displayed decreased because placing the TRIGGER 

switch (S5) to "EXT." allowed the SCR control circuit to control 
the UJT Oscillator - Ramp Generator. (Figure I shows the inter- 
connection between the UJT and SCR circuits you have just studied). 

24. Place the oscilloscope's channel "2" probe ori base 1 of the UJT (Q2'“6) . 

Look closely for a positive trigger. 

NOTE: Set up the oscilloscope as follows to better observe the trigger: 

(a) DISPLAY MODE switch to "chop", 

(b) TRIGGER SOURCE to "Internal". 

(cV TIME/DIV to ".5 millisecond/div." 

(d) CHANNEL "1" VOLTS/D IV to "5 volts/d iv." 

(e) CHANNEL "2" VOLTS/OIV to "5 vo.lts/div." 

(1) The positive trigger from Q2-6 base 1 will cause SCR 2-5 to 
( conduct/ turn off ) . 

NOTE: When the TRIGGER switch {S5) is in the "external" position and 

SCR2-5 conducts, the UJT circuit cannot generate another ramp. 

25. Place the channel "2" IX probe on the gate lead of SCR 1-$. 

This signal originating from the signal generator (external input) will turn 
SCRl-5 ( on/off ) . 

NOTE: When SCRl -5 turns "on", SCR2-5 turns "off" and another ramp wi 1 1 be , 

generated by the UJT circuit* Therefore, using an SCR control circuit 
allows uS to determine when a ramp wi 11 ge generated. 

26. Now that you have observed the normal operation of a SCR control and 
LiJT ramp generator circuits, insert the prefaulted SCR control card and 
trdubleshdot it to its faulty component. After you have located the 
faulty component, insert the operational SCR control card and the pre- 
faulted lUJT ramp generator card and troubleshoot iti 

27* Check center instructor to see if your diagnosis 

.'of ;:theV'fau it S': -was , ■ CO r reCt ■ 
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CHECK YOUR RESPONSES TO THIS JOB PROGRAM WITH THE ANSWER SHEET. IF YOUR 
RESPONSES AGREE WITH THE ANSWER SHEET, YOU MAY TAKE THE LESSON PROGRESS 
CHECK. IF YOUR RESPONSES DO NOT, AGREE OF IF YOU FEEL YOU HAVE FAILED TO 
UNDERSTAND ALL, OR MOST OF THIS JOB PROGRAM, REVIEW THE PROCEDURES OF THIS 
JOB PROGRAM, ANOTHER WRITTEN JIEDIUM OF INSTRUCTION, AUDIO/ VISUAL MATERIALS 
OR CONSULTATION WITH LEARNING CENTER. INSTRUCTOR UNTIL YOUR RESPONSES DO 
AGREE. 
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PROGRESS CHECK 
LESSON II 


Unijunction Transistor Theor\ 


1. Label the leads on the schematic symbol of the UJT. 


© 


2. The material between the bases of the UJT acts as a . 

3. The emitter of the UJT must be - in respect to 

the ■ in order for -the UJT to conduct. 

4. The sequential rise in potential between Base 1 and Base 2 is 

called a/an . 

5. The small amount of current flow in a reverse biased UJT is 

called ~ ^ . 

6. What is the conduction point of the UJT shown below? 
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8. the shape of the waveform at TP "C" in Figure 1 is determined 
by the- 


a. on/off state of Ql. 
b •' on/of f s ta te of CRl. 
t. t line constant of Cl , R2. 
d. time constant of CRl, Rl* 
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9. The waveform at TP "A" in the circuit shown in Figure 





10. The frequency of the waveform at TP "A" in Figure 2 is 
by Cl and 

: a.- ■■Ql. '■ 

"■■'C., R2'. 

■ d.'.--R3.v , 


2 1 ooks like: 


A 


determi ned 
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ll* In the circuit shown in Figure 3 Cl charges through: 



a. Ql’s B1 - B2 Junction* 

b. Ql’s E - B2 junction* 

c. Ql’s E - B1 Junction, 
d* ground. 


12. The current that charges Cl is called 


CHECK YOUR ANSWERS TO THIS PROGRESS CHECK WITH THE ANSWERS IN THE BACK OF 
YOUR .STUDENT GUIDE. IF YOU FEEL THAT YOU HAVE FAILED TO UNDERSTAND ANY 
PART OF THIS LESSON YOU SHOULD CONSULT YOUR LEARNING CENTER INSTRUCTOR FOR 
ASSISTANCE AND REMEDIATION. IF YOU ANSWERED ALL QUESTIONS IN THE PROGRESS. 
CHECK CORRECTLY, CONSULT YOUR LCI FOR ASSIGNMENT TO THE MODULE TEST. 
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ANSWER SHEET 
FOR 

JCB PROGRAM 
LESSON I 
PART 1 

Silicon Controlled Rectifier DC Ccntxol 

7. d. Applied positive voltage 
€• Tliere is no gate voltage applied, to the gate lead. 

5. b. The SCR will conduct. 8. no 

10. c. Ranove shorting str^s. 
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ANSWER SHEET 
FOR 

JOB PROGRAM 
LESSON I 
PART 2 

Silicon Controlled Rectifier A C Control 

3. half wave 9 . 

4. diode 10 . 

6. conducts 11. 


more 

increased 

a. SCR conduction begins at 
the time the gate signal 
reaches the "Turn on" 
voltage level. 


A.S. {J.P.) 
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Silicon Control Rectifier Theor 


CPESraON NO. 


CORRECT ANSWER 


C3JESTION NO. 



diode 8. 

gate, arixie, cathode 9. 

(any order) iO. 


CORRECT ANSWER 

b. 

a.. ' 

■ :":-d.-' "■ 
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ANSwER SHEET 
FOR 

JOB PROGRAM 
LESSON II 
PART 1 


U.J.T. Sawtooth Trigger Generator 



4. a, sawtooth 

b. +.75 volts peak to peak 

c, (The arrows on the above waveform indicate the U.J.T. cxaiduction 
points.) 



6. a. trigger 

b. +2 volts p^p 

c. meet positive 

7-.,;"a, ' : -sawtooth;' 

V:'',-'. ;'b'.,-'-'. trigger 
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ANSWER SHEET 
FOR 

JCB PROGRAM 
LESSON II 
PART 2 

U*J.T. Multivibrator 


3. a, waveform taken with oscilloscx^; "A" sensitivity .5 volts/an 

sweep time: 2 milliseconds/cm 



b, square wave 

c. .7 volts peak to peak 

4. a. waveform taken with oscilloscope: "B" sensitivity .5 volts/an 

swe^ time: 2 milliseconds/cm/ 



b. sawtooth 

Ci ,8 volts pe^ to peak 
/■d.-;v;+.8; voltis' 
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5. a. Wavefom talcen with oscilloscope; ”B" sensitivity .5 volts/on 

Swe^ time: 2 milliseconds/ati 



b. Yes 

c. B^iause of the halft^/ave rectification of diotte CEd. (or words to 
that effect.) 

6. b. 

8. a. 

9. d. 


A.S. (J.P.J : Twenty Pive-Il-3 

ANSWER SHEET 
FOR 

JOB PROGRAM 
LESSON II 
PAST 3 


7. 

(1) 

capacitance 

16. 

(1) 

-b.' 


(2) 

C12; parall^ 

■/':,■■.;■.■:■■ 17. ■ 

(1) 

No 

S. 

(1) 

■series' 

23. 

(1) 

decxeased 

13. 

(1) 

22VIX: (± 10%) 





(2) 

dVDG 

24. 

(1) 

conduct 


(3) 

. NO" ■. 





(4) 

.Yes 

25. 

(1) 

-on; ; '.y 


(5)' 

■■ ■«=*•: 




14. 

'V'Cl):; 

Yes'^ ■/'’■:-■■' 




15.: 

(1) 
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A.S. (Progress Qieck) 


ANSWER SHEEP 
FOR 

PROGRESS CHECK 
LESSOR II 


Unijimc±ion Transistor Theoi 


gjESnCN NO. 


CORRECT ANSWER 


CPBSTION NO 


OORRECr ANSWER 


1. a, emitter 

b. base 2 

c. base 1 

2. resistor 

3. positive, base 1 
(in that order) 

4. voltage gradient 

5. reverse current 
+5 to +5 l/2v 


7. 

8 - 

9. 

10 . 

11 . 

12 . 


a. 

a. 
d. 

b. 
b. 

reverse current 


6 


